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Macrolide, lincosamide and streptogramin B (MLS B ) antibiotics have different structure, but similar mode of action. These antibiotics inhibit bacterial protein synthesis by binding to 23s rRNA in 50S ribosomal subunits [1] . Erythromycin (a macrolide) and clindamycin (a lincosamide) are widely used in treatment of Staphylococcus aureus infections [2, 3] . Clindamycin represents an attractive option for several reasons. Firstly, good oral absorption of clindamycin makes it suitable for outpatient therapy or as follow-up after intravenous therapy. Secondly, it has high tissue penetration (except for the central nervous system) and accumulation in abscesses, and no need for renal dosing adjustments. Thirdly, clindamycin can be used as an alternative antibiotic in patients allergic to penicillin. Fourthly, community-acquired methicillin-resistant S. aureus, which has rapidly emerged in recent years as a cause of skin and soft-tissue infections, has shown susceptibility to clindamycin. Finally, it has been shown that clindamycin inhibits the production of toxins and virulence factors in gram-positive organisms through inhibition of protein synthesis [2, 4] . However, resistance to erythromycin and clindamycin is increasing among clinical isolates of S. aureus worldwide [3] .
Three mechanisms have been reported for resistance to MLS B antibiotics: target site modification, efflux of antibiotics, and drug modification [1] . Methylation of the A2058 residue, located in the conserved domain V of 23s rRNA, takes place in target-site modification and prevents the binding of MLS B antibiotics to their ribosomal target. This phenomenon leads to cross-resistance to these antibiotics, and produces the MLS B phenotype that was encoded by erythromycin ribosome methylases (erm) genes [5, 6] . Among the 4 major classes of erm genes (ermA, ermB, ermC and ermF) in different bacteria, ermA and ermC are the primary genes responsible for MLS B resistance in S. aureus [1, 2, 5] .
On the other hand, MLS B phenotype can be constitutive (rRNA methylase is always produced) or inducible (methylase is produced only in the presence of an inducing agent) [1, 7] . While strains with constitutive MLS B resistance (cMLS B ) phenotypes can be detected by routine disk diffusion testing, strains with inducible MLS B resistance (iMLS B ) phenotypes show resistance to erythromycin and sensitivity to clindamycin, similar to strains containing the MS phenotype, which had resistance to only macrolide and streptogramin B, not to clindamycin. Therefore, a special disk diffusion method, the D-test, was developed for the detection of iMLS B . In this test, an erythromycin disk was placed in close proximity to a clindamycin disk. In iMLS B -resistant strains, resistance to clindamycin is induced by diffusion of erythromycin through the agar, and leads to flattening of the clindamycin zone of inhibition adjacent to the erythromycin disk (a D-shaped zone), while MS phenotype-containing strains form a circular zone around the clindamycin disk [2] .
There are reports of clinical failures of clindamycin in treating patients with iMLS B resistance phenotype [8] [9] [10] [11] [12] , attributed to selection for a mutation in the macrolide-responsive promoter region upstream of the erm gene and emergence of cMLS B -resistant isolates [1] , leading some investigators to recommend that clindamycin therapy be avoided for S. aureus isolates that display the iMLS B resistance phenotype [1, 9, 11] .
On the other hand, labeling all erythromycin-resistant S. aureus as clindamycin-resistant may prevent the use of clindamycin in cases where it would be effective therapy [2] . Thus, accurate detection of iMLS B -resistant strains is very important.
The present investigation was undertaken to determine the prevalence of cMLS B , iMLS B and MS resistance phenotypes and primary erm genes (ermA and ermC) in 126 erythromycin-resistant S. aureus isolates from patients in Tehran, Iran.
Material and Methods

Bacterial strains
All Staphylococcus aureus isolates from various clinical samples (wounds, abscesses, urine, blood, sterile body fluids, and respiratory tract samples), identified from January to June 2008 in 4 university hospitals (3 general hospitals and 1 burn hospital) in Tehran, Iran, were included in this study. Multiple isolates from the same patient were excluded, even when the site of infection was different. Identification of the isolates as S. aureus was based on colony and microscopic morphology, growth on mannitol salt agar and fermentation of mannitol, and production of catalase, coagulase, and deoxyribonuclease. Moreover, amplification of the species-specific nuc gene was used to confirm phenotypic identification of S. aureus isolates, as described below. Confirmed S. aureus strains were stored at -70°C in nutrient broth plus 15% glycerol.
Phenotypic determination of antibiotic resistance
Disk diffusion testing was used to determine antibiotic resistance according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI), with S. aureus ATCC 25923 as control. For detecting erythromycin and clindamycin resistance, 15 µg erythromycin disks and 2 µg clindamycin disks (purchased from Mast Co., Merseyside, UK) were used. Interpretation of the diameters of zones of inhibition was as follows: for erythromycin ≥23 mm; S, 14-22 mm; I, ≤13 mm; R, and for clindamycin ≥21 mm; S, 15-20 mm; I, ≤14 mm; R [13] . Intermediate resistant strains were considered resistant. Erythromycin-resistant S. aureus strains were selected for further studies.
D-testing was performed for erythromycin-resistant S. aureus strains according to the guidelines of the CLSI. Suspension equivalent to 0.5 McFarland of each freshly cultured isolate in normal saline was prepared and used for inoculation of Mueller-Hinton agar (Merck-Hampshire, England) plates. Erythromycin and clindamycin disks were placed on inoculated plates 15 mm apart (edge-to-edge). Plates were read after 18 h of incubation at 35°C and the shape of the clindamycin zone was verified. Strains resistant to both antibiotics were considered to have cMLS B resistance. Strains with flattening of the susceptible zone of inhibition to clindamycin adjacent to the erythromycin disk (D-shape) were considered to contain iMLS B -resistance, while strains with circular zones were considered to contain MS resistance [2] .
Polymerase Chain Reaction (PCR)
DNA was extracted from all erythromycin-resistant S. aureus strains by rapid DNA extraction method [14] . Five colonies In each thermal cycling profile, there was an initial denaturation step at 94°C for 5 min, and a final extension step at 72°C for 5 min. After PCR amplification, 5 µl of PCR product was subjected to agarose gel electrophoresis (2% agarose, 1× Tris-acetate-EDTA, 100 V, 100 min). The gel was stained with ethidium bromide, and a PCR fragment was visualized using a gel documentation system by comparison with a molecular size marker (100 bp ladder, Eurobio, UK). Positive control strains for ermA and ermC donated by Mohammad Emaneini (Faculty of Medicine, Tehran University of Medical Sciences, Tehran, Iran) and molecular grade water instead of template DNA as the negative control were included in each run. S. aureus ATCC29213 (without ermA, ermC, and mecA genes) was also used as a negative control.
results
During the 6-month study period, 186 Staphylococcus aureus strains were isolated from patients admitted to 4 university hospitals in Tehran, Iran. As expected, all phenotypically detected S. aureus strains showed species-specific nuc gene amplification in PCR, as reported by Zhang K., et al. [15] . In disk diffusion testing, 126 strains (67.7%) showed resistance to erythromycin and were selected for further study. From these, 117 strains (92.9%) showed resistance to clindamycin in disk diffusion testing and 9 strains were clindamycin-susceptible. In D-testing, 117 strains (92.9%) exhibited cMLS B resistance, 8 strains (6.3%) iMLS B , and 1 strain (0.8%) had MS resistance phenotype (Figure 1 ).
Therefore, from 9 clindamycin susceptible strains in disk diffusion testing, 8 strains had iMLS B and 1 strain had MS resistance phenotypes.
In PCR testing, 76 and 69 strains (60.3% and 54.8%) showed ermA and ermC genes amplification, respectively; 84 strains (66.7%) contained 1 or 2 of the studied erm genes and 42 strains (33.3%) did not contain any studied erm genes. Both genes (ermA and ermC) were co-present in 61 strains (48.4%). Table 2 shows the difference in MLS B resistance phenotypes in relation to presence of ermA and ermC genes. In strains with cMLS B and iMLS B resistance phenotypes, the most prevalent genotype was ermA + ermC, while strains with the MS resistance phenotype had only the ermA gene. [2] . Recognition of this type of resistance is important because treatment of patients harboring iMLS B -resistant S. aureus with clindamycin leads to the development of constitutive resistance, subsequently leading to therapeutic failure [8] [9] [10] [11] [12] .
In this study, resistance to erythromycin (67.7%) was higher than in studies from other countries, such as the study of Schmitz et al. on S. aureus isolated from patients in 20 European university hospitals with rates of 39% [18] . In another study in Tehran, resistance to erythromycin in clinical isolates of S. aureus was also high (56.2%) [19] . Most erythromycin-resistant strains (92.9%) in this study also showed clindamycin resistance and were MRSA (68.3%).
In the present study, prevalence of cMLS B , iMLS B and MS resistance phenotypes among erythromycin-resistant S. aureus was 92.9%, 6.3% and 0.8%, respectively. There is only 1 previous study of MLS B resistance among S. aureus isolated in Iran for comparison [20] , reporting 9.7% of S. aureus strains isolated from patients in Milad Hospital, Tehran, had the iMLS B resistance phenotype. In the present study, the cMLS B resistance phenotype was more common than the iMLS B resistance phenotype among erythromycin -resistant S. aureus isolates, in agreement with the results of the 3-year study by Spiliopoulou et al. on 173 erythromycin-resistant S. aureus strains isolated from patients in a university hospital in Greece, which reported 61.3%, 30.6% and 7.5% prevalence to cMLS B , iMLS B and MS resistance phenotypes, respectively [16] . Higher prevalence of cMLS B than iMLS B resistance phenotype among S. aureus isolates were also reported in other studies [2, 4, 18] . Low prevalence of the MS resistance phenotype seen in the present study has also been shown in other studies performed in Turkey, the neighboring country of Iran [17, 21] ; although in the previously mentioned European study [18] , it was relatively high (13%). Such differences in the MLS B resistance pattern could be caused by differences in guidelines for drug usage in Iran, where MLS B antibiotics are widely used in treating S. aureus infections. However, since the occurrence of iMLS B varies widely by hospital and geographic region [22] , it is necessary to perform the D-zone test for erythromycin-resistant, clindamycin-susceptible S. aureus isolates [23] .
We studied the distribution of 2 erm genes (ermA and ermC) among erythromycin-resistant S. aureus isolates. These genes were reported as being the most prevalent genes responsible for resistance to MLS B antibiotics within S. aureus strains in other studies, including the study by Lina et al in French hospitals [3] . In the present study, ermA and ermC were also prevalent in erythromycin-resistant S. aureus isolates (60.3% and 54.8%, respectively), although there was no significant difference between their presence. It should be noted the prevalences of these genes were variable in different studies, and in some studies ermA was more prevalent than ermC, while in other studies the reverse was found. In research by Martineau et al, the prevalence of ermA and ermC in erythromycin-resistant S. aureus strains was 21% and 10.2%, respectively [24] . Schmitz et al. [25] found ermA was more prevalent than ermC (67% and 23%, respectively 
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hand, 16% and 84% of S. aureus strains isolated in Denmark were carrying ermA and ermC, respectively [26] . In the study by Spiliopoulou et al. [16] , ermC was more prevalent than ermA (70% and 22%, respectively).
A notable finding of the present study was the co-existence of ermA and ermC in a significant number of erythromycinresistant S. aureus strains (48.4%), similar to results from 2 studies in Turkey (37.5% and 18.6%), and in contrast to 2 studies in European countries (0.6% and 3%) [16, 25, 27, 28] . We also found that a significant number of erythromycinresistant S. aureus isolates (33.3%) did not carry ermA and ermC, therefore other genes also have a significant role in resistance to erythromycin.
We found prevalence of 81.4% for MRSA strains and 15% for MSSA isolates for ermA. Prevalence of ermC in MRSA and MSSA isolates were 74.4% and 12.5%, respectively; therefore, both ermA and ermC were more prevalent among MRSA than MSSA isolates in Tehran, Iran. These results regarding predominance of the ermA among MRSA isolates are consistent with previous reports [25, 29] , but predominance of the ermC among MRSA isolates has not been reported, except from Greece [16] . However, prevalence of these genes among MRSA and MSSA strains were variable in different studies. A multicenter study in 24 European university hospitals [25] revealed that in S. aureus, the ermA gene was more common among MRSA isolates (88%) than in MSSA isolates (38%). In contrast, ermC was more common in MSSA (47%) than in MRSA (5%). Otsuka et al. [29] found the ermA gene was also predominant among erythromycin-resistant isolates of MRSA compared to MSSA strains (95.0% and 53.3%, respectively), while the ermC gene were more prevalent among MSSA than MRSA strains (42.0% and 11.5%, respectively). High prevalence of erm genes in MRSA strains emphasizes the need for performing antimicrobial susceptibility testing when clindamycin is considered for use in treatment of infections caused by MRSA.
conclusions
Although there are some reports of MLS B resistance phenotypes in Iranian isolates of S. aureus, to our knowledge this is the first report of the involved genes in Iran. We found ermA + ermC related resistance was the most prevalent in erythromycin-resistant S. aureus isolates, and constitutive resistance was particularly predominant among MRSA strains.
